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(Photron, Fastcam-PCI2K) $\mathrm{A}$ $\mathrm{a}_{\text{ }}$
( d=0.2\sim 0.5mm) (









(i) $\Gamma_{0}=a(2\pi f)^{2}/g\approx 2$ T
(ii) $\Gamma=\Gamma_{0}\sim\Gamma_{1}\approx 4$
$\Gamma_{1}$ $h$ (ffi) $\Gamma\approx\Gamma_{1}$
(iv) $\Gamma>\Gamma_{1}\}$
ripple patterns 2-(a) (v) $\Gamma$
2-(e) 3 undulation patterns undulation







(a)$f/2$-ripple, $(\mathrm{b})\mathrm{n}\mathrm{o}$ pattern, (c) $f/4$-ripple
$(\mathrm{d})\mathrm{s}\mathrm{p}\mathrm{i}\mathrm{k}\mathrm{e}$ patterns, (e) undulation.
4.2 undulation






















( $h=6.8\mathrm{m}\mathrm{m}$) : $(A_{1})f=$
$20\mathrm{H}\mathrm{z},$ $a$ $=$ $2.60\mathrm{m}\mathrm{m},$ $\Gamma$ $=$ 4.18; $(S_{1})f$ $=$ $27\mathrm{H}\mathrm{z},a$ $=$ $2.52\mathrm{m}\mathrm{m},$ $\Gamma$ $=$
$7.41$ ;(A2)$f$ $=$ $30\mathrm{H}\mathrm{z},a$ $=$ $1.40\mathrm{m}\mathrm{m},$ $\Gamma$ $=$ $5.07;(S_{2})f$ $=$ $30\mathrm{H}\mathrm{z},$ $a$ $=$
$2.02\mathrm{m}\mathrm{m},\Gamma=7.32;(A_{\theta})f=30\mathrm{H}\mathrm{z},$ $a=2.33\mathrm{m}\mathrm{m},\Gamma=8.44_{1}.(S_{S})f=$





L W h $\rho$ $E$
$h_{\text{ }}\rho_{\text{ }}E$ . T
$\rho\frac{\partial^{2}u}{\partial t^{2}}+\frac{EI}{S}\frac{\partial^{4}u}{\partial x^{4}}=0$, (1)
$u$ 1 ( ) $\text{ }$ $I$ $S$ $hW$ undulation
$x=\pm L/2$
$\frac{\partial \mathrm{u}}{\partial x}=0$ , (2)
$\frac{\partial^{2}u}{\partial x^{2}}=0$ (3)
(4)$u_{n}^{A}=a_{n} \cos(\omega_{n}t+\phi)\{\sinh(\frac{\alpha_{n}L}{2})\sin(\alpha_{n}Lx)+\sin(\frac{\alpha_{1*}L}{2})\sinh(\alpha_{*},Lx)\}$ ,
(5)$u_{n}^{S}=b_{n} \cos(\omega_{n}t+\phi)\{\cosh(\frac{\beta_{n}L}{2})\cos(\beta_{n}Lx)+\cos(\frac{\beta_{n}L}{2})$ coeh $(\beta_{n}Lx)\}$ ,
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5: undulation .





$\alpha_{n},$ $\beta_{n}=(12\mu_{n}^{2}/Eh^{2})^{1/4}$ a $b_{n}$
$\alpha_{n}L=4.7300407,10.9956079$ , 17.2787597, $\ldots\text{ }\beta_{n}L=7.8532049$, 141371655, 204203522,
.... 3
5 $(L=30\mathrm{m}\mathrm{m}, 46\mathrm{m}\mathrm{m}, 60\mathrm{m}\mathrm{m}, 9\mathrm{l}\mathrm{m}\mathrm{m}, 146\mathrm{m}\mathrm{m})$ 3 (
) undulation
undulation k=L/\lambda $v\text{ }\equiv\sqrt{E}/\rho$





($u$ ) \Leftarrow )
v $v$: $L$ v
$A_{1}$ $S_{1}$ undulation
$v_{\mathrm{c}j}=2\sqrt{3}fL^{2}/hC_{j}^{2}$($C_{j}(=\alpha jL$ $\beta_{j}L$) )
bending pattern undulation patterns
v $C_{\dot{f}}$ $L$ $S_{1}$ $A_{1}$







$F_{n}=EI((n+ \frac{1}{2})\pi/L)^{2}$ $\mathrm{n}$ 1 $u_{0}$
$\tau_{n}$
$1= \frac{F_{n}}{S}=\frac{E}{12}(\frac{(n+1/2)\pi h}{L})^{2}$ (8)





$\tau=E\frac{\delta L}{L}=E\alpha T^{*}$ (9)
R $\Theta$ $\lambda\approx R\Theta$








$v_{c}/v$: 6 $S_{4},$ $S_{6},$ $A_{5}$ (11)
$\hat{\underline{\mathrm{S}_{\S}}}$









$\rho\int_{\phi}^{\phi+T/2}(2\pi fa)\sin(2\pi ft)dt\propto a$ 7
$p$ $h$







7: : a- $h$ .
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5.3undulation :
\S \S 4.1 ripple pattern $h/d$













ripple patterns $\gamma>\gamma_{c}$ $\gamma>1/f^{*}$
$e$
h $\gamma$ ripple pattern
$\overline{\underline{\overline{\mathrm{a}_{1l}}}}$












. $\sqrt{E}/\rho>>2\pi fa$ $S_{1},$ $A_{1}$ undulation
’ $\sqrt{E}/\rho>2\pi fa$ $S_{n}$ , $A_{n}$ undulation $(n>2)$
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